The highly fractionated, Li-F-Be-B-P-bearing Pinilla de Fermoselle (PF) pegmatite crops out in the westernmost part of the Zamora province (Spain). This body appears as a cupola over the PF leucogranite, displaying a non-symmetrical internal zonation with a complete sequence from a barren pegmatitic facies near the granite, to a highly evolved zone in the uppermost part of the body. Representative samples of micas from the different pegmatite zones have been studied. Based on textural and chemical criteria, the micas may be grouped into two assemblages: Al-rich micas and Fe-rich micas. In general, Al-rich micas show a continuous evolution from muscovitic to lepidolitic compositions from the leucogranite to the most evolved zone. Fe-rich micas range from Fe-biotite in the leucogranite and in the least evolved pegmatite zones, to an intermediate composition between zinnwaldite and trilithionite in the most evolved pegmatitic facies. The incorporation of Li into micas appears to be controlled by the substitutions Si 2 LiAl -3 , and Li 3 Al -1 ᮀ -2 , AlLiR -2 , SiLi 2 R -3 , and SiLiAl -1 R -1 , where R = (Fe 2+ + Mg + Mn). Paragenetic relationships and chemical variations in micas from different zones making up the PF pegmatite suggest that the pegmatitic system derived from a granitic melt and evolved upwards by fractionation processes. Evidence in support of this model comes from: (i) the gradual enrichment in Li, Rb, Cs and F, parallel to the decrease in Mg and Ti; (ii) the convergent evolutionary trends towards lepidolite showed by the Al-and Fe-micas; and (iii) the parallel decrease in the K/Rb ratio in micas.
Introduction
The Pinilla de Fermoselle (PF) pegmatite (Zamora, Spain), located in the north-western part of the Tormes Dome (Central Iberian Zone), is the only known case in this region where a complete sequence from barren to highly evolved pegmatitic facies can be observed in a single body. The evolution develops gradually, from the PF leucogranite, at the bottom of the pegmatite, upwards; with the most evolved facies located in the upper part of the body, just below the hanging wall contact, close to the country rocks. The evolution is not only mineralogical, but also textural and compositional. In the PF pegmatitic body, all the pegmatite-forming minerals reflect clearly such evolution, which is even best evident for micas and tourmaline.
Although there are numerous studies on the textural, structural, and chemical changes showed by micas associated to pegmatites with different evolution degrees (e.g. Cerny et al. 1970; Lentz, 1992; Foord et al., 1995; Roda et al., 1995; Wise, 1995; Kile & Foord, 1998; Brigatti et al., 2000) , studies on the evolution of micas inside individual bodies are much more scarce (e.g. Jolliff et al., 1987; Cerny et al., 1995; Kile & Foord, 1998) . For this reason, the PF pegmatite is a good example to better understand the chemical, paragenetic and textural evolution of micas in pegmatitic environments. The purpose of this paper is to present data on the paragenesis and chemistry of micas from the PF pegmatite. We also discuss their significance in deciphering the internal evolution of this pegmatite. fine to medium «book» textures *very fine < 6 mm; fine = 6 mm to 2.5 cm; medium = 2.5 cm to 10 cm. hosting marbles (Table 1 , Fig. 2 ) (for more information on the geology of the PF pegmatite see Roda et al. (2004 Roda et al. ( , 2005 :
(1) The undifferentiated lower border zone (LBZ) appears just in contact with the leucogranite. The transition from the granitic to the pegmatitic facies is gradual, with an increase in the grain size. This way, the leucogranite evolves to a pegmatitic granite and finally to a barren pegmatitic facies. Two different subzones (a and b) are distinguished in the LBZ. The main difference between the subzones is the lack of tourmaline in a. In addition, the chemistry of micas from a and b subzones is different for some major elements. The main minerals are K-feldspar, quartz, muscovite, albite and biotite, with minor tourmaline in b. Fe-Mn phosphates and fluorapatite are accessory minerals. In this zone graphic intergrowths of quartz and K-feldspar are common.
(2) The intermediate zone (IZ) is located just above LBZ. It is characterized by the occurrence of centimetric nodules of Fe-Mn phosphates (Roda et al., 1998) . Besides these Fe-Mn phosphates, the main minerals are quartz and muscovite. Kfeldspar, albite, tourmaline and zinnwaldite are other common phases in this zone, with beryl as accessory mineral.
(3) The highly evolved upper border zone (UBZ) is close to the metasedimentary host-rock. Quartz, micas from the muscovite-lepidolite series, albite and K-feldspar are their main minerals, with Li-tourmaline, zinnwaldite, and cookeite as minor constituents. Fe-Mn phosphates, apatite, montebrasite, cassiterite, beryl, and zircon appear as accessory minerals. (RodaRobles et al, 2005) .
Petrography
Micas of the PF pegmatite may be grouped into two assemblages: Al-rich micas and Fe-rich micas. Muscovite, belonging to the first group, is the most abundant mica in the pegmatite, occurring in the three zones, and it is also a main constituent in the leucogranite. Its grain size changes from very fine (< 6 mm)(IZ, UBZ, and leucogranite) to coarse (up to 7 cm long) (LBZ, IZ, and UBZ). In the leucogranite, textural relationships suggest that muscovite was formed by the replacement of biotite, under subsolidus conditions. Booklike aggregates of muscovite are common in the pegmatitic body and it frequently constitutes graphic intergrowths with quartz in the three zones of the body, whereas in the IZ muscovite and quartz also exhibit a radial intergrowth. In this zone the smallest crystals of muscovite commonly surround other minerals as quartz, tourmaline or feldspar. In the UBZ, muscovite, commonly associated with small crystals of green elbaite (< 1.5 cm long), often exhibits a disequilibrium coronitic texture involving mantles of radial muscovite on subrounded cores.
In the UBZ, together with muscovite, Li-muscovite and lepidolite are common. Li-micas commonly appear as pinkish, very fine-to medium-grained crystals (< 6 mm to 3 cm long), frequently associated with quartz, albite, and deep pink elbaite. The smallest grains of lepidolite appear as anhedral to subhedral flakes, growing together with finegrained anhedral quartz crystals, subhedral albite, and euhedral elbaite. The largest lepidolite crystals, commonly associated with muscovite, exhibit a pseudobotroidal habit. Less frequently, lepidolite appears as white, pearly, subhedral flakes, giving rise, together with anhedral quartz crystals, to rounded masses of up to 10 cm ø. These masses of white lepidolite are not associated with elbaite crystals, in contrast with the pinkish lepidolite.
The Fe-rich micas are also common in the PF pegmatite as well as in the associated leucogranite, although they are not as abundant as the Al-rich micas. Biotite is a common constituent in the leucogranite and in the adjacent LBZ. It seems to be totally or partially replaced by later muscovite, and also, it is frequently chloritized, with numerous needles of rutile as a by-product. Inside the pegmatite, in the LBZ, biotite is also commonly related to muscovite as well as with the quartz-K-feldspar graphic intergrowths. It appears as book-like, fine-to medium-grained crystals (from 6 mm up to 6 cm long).
In the IZ and UBZ, zinnwaldite is dominant relative to biotite. In the IZ, fine-to medium-grained (from 6 mm up to 3 cm long) zinnwaldite crystals are found close to the Fe-Mn phosphate nodules. The smallest grains appear as centimetric masses of subhedral, very fine-grained flakes that under microscope exhibit a strong pleochroism ranging from reddish brown to beige. The biggest zinnwaldite crystals show book-like texture and an intense pleochroism from deep brown to reddish brown under microscope, like biotite in the LBZ. In the UBZ, only fine-grained zinnwaldite crystals are observed (from 6 mm to 1 cm long). In the Li-enriched UBZ, a Fe-enriched lepidolite is also found. It appears as medium-sized crystals ( » 3 cm long) intergrown with Fepoor lepidolite. The main petrographic features of these Aland Fe-bearing micas are summarized in Table 1 .
Sampling and analytical methods
The mica samples have been selected from the three different zones of the pegmatite body, as well as from the associated leucogranite. Some of the samples were prepared by hand picking, and later examined with a binocular microscope to remove impurities, and then, ground in an automatic agate pulverizer.
Samples were analysed for Si, Ti, Al, Fe, Mn, Mg, Zn, Ca, Na, K, F, P, Rb, Cs, and Sr by electron microprobe (EMP) at the Universities of Granada and Toulouse. Both natural and synthetic standards were used: natural fluorite and topaz (F), natural sanidine (K), natural pollucite (Cs), synthetic MnTiO 3 (Ti, Mn), sphalerite (Zn), natural wollastonite and diopside (Ca), synthetic BaSO 4 (Ba), synthetic Fe 2 O 3 (Fe), natural albite (Na), natural periclase (Mg), synthetic SiO 2 (Si), natural apatite (P), synthetic Al 2 O 3 (Al), and Si-aluminate glass with 2 wt % Rb and 2 wt % Cs.
Trace elements, including Rb, Be, Sr, Ba, Sc, V, Cr, Co, Ni, Cu, Zn, Ga, Y, Nb, Ta, Zr, Hf, Mo, Sn, Tl, Pb, U, Th, W, and REE were analysed at the University of Granada using an inductively coupled plasma mass spectrometry (ICP-MS) technique (Perkin Elmer SCIEX Elan-5000). Li con-tents were determined for some samples using atomic absorption (AA). Li and Rb were measured by laser ablation (LA-ICPMS) at the University of Granada on 60-70 µm thick polished sections of rock samples. Sections were studied first by optical and back-scattered scanning electron microscopy (BS-SEM) to determine inclusion-free areas with their major-element composition subsequently determined by EDAX. The LA-ICPMS system uses a torch-shielded quadrupolar Agilent-7500 spectrometer and a 213 nm Nd-YAG Mercantek laser unit. Ablation was done in a He atmosphere. The laser beam was set at a 95 µm-sided square section, with a repetition rate of 10 Hz. Spots were preablated for 60 s using a laser output energy of 50 %. Ablation was done for 60 s with a laser output energy of 75 % moving upwards the sample stage 5 µm every 20 s, to keep the laser focused and maximize the ablation efficiency. Si, previously determined by EDAX, was used as an internal standard. The glass NIST-610, which contains 464 ppm Li and 435 ppm Rb (Pearce et al., 1997) , was used as an external standard.
Every analytical session started and ended by analysing NIST-610, which was also measured every 6 to 8 spots. To improve detection limits, blanks (i.e. analyses with the laser energy set to zero) were recorded before each spot and subtracted from the analytical signal. Data reduction was carried out with a homemade software written in STATA® programming language. This software permits outliers to be identified and discarded, blank subtraction, drift correction, internal standard correction and conversion to concentration units. The precision, calculated as the coefficient of variation (100*standard deviation/average) on 10 replicates of NIST-610 measured in every session, was about ± 1 and 1.5 % for Li and Rb respectively. Based on the strong correlation between AA and laser ablation data of Li and EMP data of F, the rest of the Li contents has been estimated according to the equation: Li = 0.3112*F 1.3414 (R 2 = 0.92), obtained from our experimental data. This equation has been modified from the one used in Roda-Robles et al. (2005) for micas from the same pegmatite, taking into account new AA, laser ablation and EPM data. Such correlation is consistent with the empirical relationships proposed by Henderson et al. (1989) , Tindle & Webb (1990) , Tischendorf et al. (1997) and Pesquera et al. (1999) . Similar corrections have been experimentally demonstrated in trioctahedral and partly dioctahedral lithium micas by Monier & Robert (1986) .
Some representative samples of mica were also analysed with an X-ray diffractometer at the Department of Mineralogy and Petrology, University of the Basque Country, using Si as internal standard, by scanning from 5 to 70°(2 ' ) using CuK [ radiation (step size = 0.02°, and time step = 4 s). Unitcell dimensions were obtained using the Fullprof software (Rodríguez-Carvajal, 1998) . The mica polytypes were identified from X-ray powder diffractograms, by comparison with the standard data in Bailey (1984) .
Results and discussion

Structural characteristics
The polytypes and structural data of representative Al-and Fe-micas from the three zones of the PF pegmatite are reported in Table 2 . The only polytype found among all the studied muscovites is 2M 1 . This polytype is also found, but in a very low proportion, according to the relative intensity of the diffraction peaks, in a lepidolite from the UBZ coexisting with 2M 2 as main polytype, and with 1M also as a minor constituent. In the rest of the lepidolites, as well as in the intermediate mixed forms from the UBZ, 2M 2 is the main polytype. It never appears as the only polytype but it coexists with the 1M, always present in low amounts. In the case of the Fe-rich micas, both biotites and zinnwaldites show the 1M polytype. For the Li-rich trioctahedral micas, a clear negative correlation is found between a and b unit-cell parameters and F contents (correlation coefficient of 0.985) (Fig. 3) . This means that with higher F contents, the a and b parameters of these micas decrease as it is discussed for synthetic OH-F tetrasilicic magnesium micas by Robert et al. (1993) . In the case of these synthetic micas, the parameter b decreases for values of XF between 0 and 0.5, whereas around XF = 0.5 there is a break, and so, for 0.5 e XF e 1, the progressive replacement of OH -by F -has no significant effect on b. For the a unit-cell parameter, on the contrary, this break is not observed, and the decrease of a with increasing F content is continuous (Robert et al., 1993) . In the case of the Li-bearing trioctahedral micas from the PF pegmatite, XF ranges between 0.60 for the zinnwaldites from the IZ to 0.98 for the lepidolites from the UBZ. For these micas there is a continuous decrease of the a and b unit-cell parameters parallel to the progressive replacement of OH -by F - (Fig. 3) .
Chemistry of aluminium micas
The Al-rich micas show a continuous compositional trend through the pegmatite body, from muscovitic to lepidolitic compositions (Fig. 4) . In general, muscovite changes significantly in composition from the LBZ to the UBZ, whereas only slight differences in the major element contents are observed between muscovite from leucogranite and that from the LBZa (Table 3 On the average, the octahedral site occupancy for the muscovite from the leucogranite and from the LBZa varies from 4.025 to 4.050 apfu (Table 3) , which is close to the ideal 4.0 apfu of the dioctahedral muscovite. These values increase upwards, with the highest values for the muscovites from the UBZ (av. 4.215 apfu). This kind of muscovite may be a mixed-layer form, involving both dioctahedral and trioctahedral structures, as documented by du Bray (1994) and Foord et al. (1995) for muscovites with similar octahedral sites occupancy. According to Foord et al. (1995) , this mixed character of the muscovite could represent disequilibrium crystallization. Octahedral site occupancy for lepidolite from the UBZ is higher, with values between 4.944 and 5.788, that is, values belonging to a dioctahedral mica but very close to be trioctahedral (values < 5) or to a trioctahedral mica (values > 5). Thus, Al-rich micas evolve from the leucogranite upwards from di-to trioctahedral, through mixed forms in the UBZ.
The K/Rb and K/Cs ratios for muscovite decrease from the LBZ upward (Table 1 , Fig. 5 ) (from 27 to 87 in the LBZ, from 22 to 43 in the IZ, and from 9 to 35 in the UBZ); whereas K/Cs values vary from 562 to 3630 in the LBZ, from 158 to 1345 in the IZ, and from 500 to 1169 in the UBZ. The lowest K/Rb and K/Cs ratios for micas are found in lepidolites (from 9 to 12, and from 15 to 28, respectively).
As the K/Rb ratio decreases, Al-rich micas are progressively enriched in Li from the LBZa to the UBZ (Table 3 , Fig. 5 ). On average, the amounts of Li 2 O and F in lepidolite are 4.28 and 6.99 wt %, respectively, with the highest in the latest white lepidolites. Furthermore, they are characterized by relatively high contents in Mn (up to 0.48 wt % in MnO), Cs (975 to 7200 ppm); Rb (6943 to 9470 ppm); Nb (116 to 624 ppm); and, Ta (32 to 454 ppm). Table 3 . Chemical composition of representative micas from the PF granite and from the three units of the PF pegmatite. 8.000
8.000
Al ( Muscovite and pink lepidolite from the UBZ show textural evidence of simultaneous (but not in equilibrium) crystallization of both micas. This allows us to examine the partitioning of minor and trace elements between the two phases. As expected, both Rb and Cs strongly prefer the lepidolite structure. The octahedral and tetrahedral substitution mechanisms that generate lepidolite from the additive component muscovite (see "Substitution schemes" section) reduce the dimensional misfit between the tetrahedral and octahedral sheets given in muscovite, and consequently the tetrahedral rotation. This increases the size of the interlayer potassium sites, and facilitates incorporation of Rb and Cs (Bailey, 1972) .
Chemistry of iron-rich micas
Like the Al-rich micas, the iron-rich micas show a continuous chemical variation, from Fe-biotite in the leucogranite and in the LBZ, towards polylithionite through zinnwaldite in the IZ and UBZ (Fig. 4) . Accordingly, in the PF pegmatite the Al-rich and Fe-rich mica assemblages define two compositionally convergent trends. Biotites from leucogranite to the LBZb show an increase in Al 2 O 3 (av. 18.69 to 21.13 wt %); FeO (av. 20.78 to 23.93 wt %); and F (av. 0.49 to 1.59 wt %), parallel to the decrease of MgO (av. 6.98 to 2.70 wt %) and TiO 2 (av. 3.17 to 1.14 wt %) (Table 3) Following the path drawn by biotite compositions from the leucogranite and from the LBZb, zinnwaldite from the IZ exhibits higher Al 2 O 3 (av. 23.08 wt %) and F (av. 4.44 wt %) and lower MgO (av. 1.33 wt %) contents than biotite of the LBZ. Opposite to the increase of FeO observed in biotites from leucogranite to the LBZb, zinnwaldite from the IZ exhibits a strong decrease in FeO contents (av. 15.26 wt %) which is correlated with an increase in Li 2 O (av. 2.32 wt %) ( Table 3 ).
In the most evolved UBZ, intermediate compositions between zinnwaldite and polylithionite appear (Fig. 4) . The decrease in the MgO and TiO 2 contents observed in the Ferich micas from the leucogranite to the LBZ and IZ also appears in UBZ where these elements are insignificant. Zinnwaldites of this zone have lower FeO contents (av. 11.40 wt %) than those from the IZ (Table 3) . On the contrary, F and Li contents increase with an average value of 6.8 wt % and of 4.09 wt %, respectively, which is consistent with the trend showed by Fe-micas from the leucogranite, through the LBZ and the IZ.
In the UBZ, Fe-rich and Fe-poor lepidolites microscopic intergrowths also occur. Similar to muscovite from this UBZ, the Fe-rich lepidolite lacks Mg and Ti, shows the highest F contents of all the micas with an average value of 7.16 wt % and also, the highest Li 2 O contents (av. 4.45 wt %) (Table 3) . On average, the octahedral occupancy in Fe-micas ranges from 5.675 apfu in biotites of the LBZa to 6.014 apfu in zinnwaldites of the UBZ (Table 3) .
The distribution of some trace elements, such as Rb, Cs, Sn, Nb and Ta, in Fe-rich micas is different from Al-rich micas. In general the highest values in those elements are showed by the zinnwaldite of the IZ with 4885 ppm in Rb, 1880 ppm in Cs, 353 ppm in Sn and 262 ppm in Nb (Table 3 , Fig. 5 ).
Substitution schemes
Overall, the chemical variations of micas define continuous evolutionary trends from muscovite and biotite to Li-rich compositions, from the leucogranite to the UBZ. The plot of (Mg -Li) vs. (Fe + Mg + Ti -Al (VI) ) (Tischendorf et al., 2004) shows the convergent evolution of the two mica assemblages; the Al-rich micas evolve towards polylithionite through trilithionite whereas the Fe-Mg micas evolve towards polylithionite through zinnwaldite (Fig. 4) . In the KLi-Al-Si mica composition plane (Al-rich, Fe-free micas), the exchange vectors Li 3 Al -1 ᮀ -2 and Si 2 LiAl -3 , appear to be the dominant mechanisms of Li-incorporation (Fig. 6a and  b) . The Si 2 LiAl -3 exchange vector would control muscovite composition, whereas for the Li-richest micas a strong influence of the Li 3 Al -1 ᮀ -2 exchange mechanism is observed ( Fig. 6a and b) . This could indicate that the Si 2 LiAl -3 substitution mechanism played an important role from the first stages of pegmatitic crystallization, till the end of the pegmatitic evolution; whereas during the last stages of pegmatitic crystallization (formation of the UBZ), both mechanisms would have operated at the same time.
On the K-Li-Fe-Al-Si mica composition plane (Fe-rich micas), the plot of Li + Al VI versus R, where R is (Fe + Mg + Mn), shows that the data set defines a continuous trend consistent with the AlLiR -2 exchange vector (Fig. 6c) . However, on the plot Si + Li versus Al IV + R (Fig. 6d) , the dataset reflects the influence of other substitution schemes, such as SiLi 2 R -3 and SiLiAl -1 R -1 . This suggests that the Fe-rich micas became richer in Li to the detriment of Fe, via the AlLiR -2 substitution mechanism during the first stages of pegmatitic evolution (leucogranite and LBZ), and mainly via SiLi 2 R -3 and SiLiAl -1 R -1 during the crystallization of the later IZ and UBZ.
Implications for the pegmatite evolution
The K/Rb ratio of micas, together with the content in Li and some trace elements, such as Cs, F, Sn and Zn, have been used frequently as petrogenetic indicators of the evolutionary degree attained by pegmatites, e.g. Gaupp et al. (1984) , Foord et al. (1995) , Wise (1995) , Roda et al. (1995) , Pesquera et al. (1999) , Kile et al. (1998) . The content of these rare elements usually increases with decreasing K/Rb ratio and, to the first order, with the increasing evolution degree of the pegmatitic facies. In the PF pegmatite we can study the evolution of this ratio in a single section across the whole pegmatitic body, from the leucogranite to the UBZ. The results reflect that the K/Rb ratio decreases upward from the leucogranite for both the Al-rich and the Fe-rich micas and simultaneously with an increase of the Li, Cs, and F contents (Fig. 5) . These changes denote that the PF pegmatite evolved upward, following a progressive fractionation trend. According to Foord et al. (1995) , such a trend would be indicative of closed or nearly closed system crystallization that would be consistent with the lack of metasomatic effects in the country-rock. Moreover, the compositional evolution of micas from the PF pegmatite corresponds well to that studied by Ponomareva et al. (1993) for micas from "chamber" pegmatites, which reflects decreasing temperature, alkalinity and a(Fe) simultaneously with an increase in the a (Li,F) . This idea is in agreement with the chemical and mineralogical evolution showed by the other mineral phases of the PF pegmatite such as, the K-feldspar, tourmaline, Fe-Mn phosphates and beryl (Roda et al., 2004 (Roda et al., , 2005 . The coronitic textures showed by muscovite from the UBZ, with rims richer in Li, Rb and Cs and poorer in Sr and Ba than the core, would reflect the fractionation trend and crystallization processes under disequilibrium conditions.
The partitioning of Li, Cs, and F into biotite over muscovite has been documented in numerous studies (e.g., Volfinger & Robert, 1980; Dahl et al., 1993; Icenhower & London, 1995; Neves, 1997) . Such is the case of the micas from the PF pegmatite where Li, Cs and F show a clear preference to be incorporated into the structure of Fe-rich micas than into the coexistent Al-rich micas, in the leucogranite as well as in the three zones of the pegmatite (Table 3, Fig. 5 ). The differences in contents of Li, Cs and F become smaller with the increase upward of the Li contents in micas. This could be due to the decreasing of the miscibility gap between Li-free trioctahedral and dioctahedral micas with increasing Li content (Monier & Robert, 1986 ).
Summary and conclusions
According to the textural and chemical data of micas from the PF pegmatite and the associated leucogranite, the following conclusions can be drawn: a) Muscovite shows the 2M 1 polytype. In the lepidolites, a mixture of polytypes is found with the 2M 2 as the main polytype and 1M in a much lower proportion in all the studied samples. In one of these lepidolites, the 2M 1 polytype has been also found in very low proportion. All the Fe-rich micas have the 1M as the only polytype.
b) A clear negative correlation is found between the a and b unit-cell parameters and the F contents in the studied Libearing micas.
c) The micas of the PF pegmatite define two different assemblages that follow convergent evolutionary trends. One of the assemblages includes Al-rich micas that evolve from muscovite (leucogranite, LBZ, IZ, and UBZ), through lithian muscovite, to polylithionite (UBZ). The other assemblage corresponds to Fe-rich micas that evolve from biotite (leucogranite and LBZ) towards polylithionite (UBZ) through zinnwaldite (IZ and UBZ), d) Overall, the compositional variation of micas seems to be mainly controlled by the substitutions Si 2 LiAl -3 and AlLiR -2 for the Al-rich and Fe-rich micas respectively. For the Li-richest micas some additional exchange vectors seem to be also operative. On the one hand, the Li 3 Al -1 ᮀ -2 , substitution mechanism for the lepidolites from the UBZ; and, on the other hand, the SiLi 2 R -3 , and SiLiAl -1 R -1 exchange vectors for the Fe-rich micas from the IZ and UBZ.
e) The compositional variation of the micas is consistent with an "upward" fractionation model under closed system conditions, from the leucogranite through the least evolved barren pegmatitic facies in the LBZ, to the IZ, rich in FeMn-(Li)-phosphate phases, and ultimately to the most evolved UBZ with abundant Li-bearing minerals.
